Photomorphogenetic responses have been studied in a cucumber (Cucumis sativus L.) mutant (lh), which has long hypocotyls in white light (WL). While Photomorphogenesis in higher plants is a complex process regulated by a number of different photoreceptors, including phytochrome, cryptochrome, and UV-B photoreceptor (13, 14) . In addition, there is evidence for multiple types of a particular photoreceptor (e.g. the light-stable and light-labile types of phytochrome [20, 21], sometimes referred to as green-plant and etiolated-plant phytochrome, respectively). There is interaction between these photoreceptor systems in time and space during differentiation (13, 14) . The interpretation of physiological experiments is therefore often difficult, if not impossible, particularly in experiments utilizing light which is absorbed by more than one photoreceptor, as is the case for phytochrome and cryptochrome in the BL1 region of the spectrum (8, 13). To understand the roles played by the different photoreceptor systems we have taken a genetic approach in an attempt to resolve the inevitable confusion that has arisen (1, (10) (11) (12) MATERIALS AND METHODS Plant Material. The long-hypocotyl (1h) mutant and isogenic wild type of Cucumis sativus L. used here have been described elsewhere (1).
Photomorphogenesis in higher plants is a complex process regulated by a number of different photoreceptors, including phytochrome, cryptochrome, and UV-B photoreceptor (13, 14) . In addition, there is evidence for multiple types of a particular photoreceptor (e.g. the light-stable and light-labile types of phytochrome [20, 21] , sometimes referred to as green-plant and etiolated-plant phytochrome, respectively). There is interaction between these photoreceptor systems in time and space during differentiation (13, 14) . The interpretation of physiological experiments is therefore often difficult, if not impossible, particularly in experiments utilizing light which is absorbed by more than one photoreceptor, as is the case for phytochrome and cryptochrome in the BL1 region of the spectrum (8, 13) . To understand the roles played by the different photoreceptor systems we have taken a genetic approach in an attempt to resolve the inevitable confusion that has arisen (1, (10) (11) (12) . Mutants with modified photomorphogenetic behavior (selected for a lack of photoinhibition of hypocotyl growth in WL) have been isolated for Arabidopsis thaliana (11) , tomato (12, 15) , and cucumber (1) . Such a long-hypocotyl mutant of cucumber (lh) contains the same level of phytochrome as its isogenic wild type in dark-grown seedlings and exhibits phytochrome responses, although, in general, deetiolation is retarded in the lh mutant compared to the wild type (1) . However, particularly striking is the absence of RL (phytochrome) effects in deetiolated seedlings. On the basis of these observations, we proposed that the lh mutant is modified with respect to the 'so called' light-stable phytochrome (21), which is relatively more abundant in light-grown than in darkgrown plants. The Ih mutant appears to retain inhibition to wavelengths in the BL region of the spectrum, presumably due to activation of the cryptochrome system. This results in a paradoxical question: why does the hypocotyl of the lh mutant grow long in WL which contains an appreciable BL component? This paradox is addressed in the present paper. In addition, results of spectrophotometric measurements of phytochrome and growth response to end-of-day FR for light-grown plants are presented.
MATERIALS AND METHODS
Plant Material. The long-hypocotyl (1h) mutant and isogenic wild type of Cucumis sativus L. used here have been described elsewhere (1) .
Light Sources. White light was obtained from Philips TL40/33 fluorescent tubes. The broadband light sources for BL, RL, and FR used in long-term growth experiments were qualitatively the same as those described previously (11) , and the fluence rates utilized are given in the figure legends. In short-term growth experiments, narrow-band BL (459 nm) and RL (658 nm) were obtained from a quartz-iodide projection lamp using interference filters ( radiance (1) suggested that they are both inhibited by BL, whereas the response to RL was severely reduced in the Ih mutant compared to wild type. After a period of deetiolation in WL, effectiveness of RL was almost absent in the Ih mutant. The growth rates of plants both in D and upon transfer to continuous BL and RL were monitored at 15 min intervals with the aid of a horizontal microscope (Table I ). In contrast to plants removed from absolute D, which showed no difference in absolute hypocotyl growth (1), wild-type D controls in the present experiment exhibit a small, but significantly lower growth rate than the lh mutant. We propose that this is a response of the wild type, via light-stable phytochrome, to the repetitive exposures to green safelight. Despite the limitations of this technique it is clear from the results that the growth rate of hypocotyls is significantly reduced during the 2.5 h BL irradiation period in both the wild type and lh mutant. In contrast, RL is considerably more effective in the case of wild type than in the case of the mutant in bringing about a reduction in growth rate. These results therefore provide additional evidence to that already published (1) Long-Term Growth Studies. Examination of the conditions in growth experiments where inhibition in continuous BL has been observed previously (1) reveals that the fluence rates used were relatively low (-4 umol m-2 s'-), and at the end of the experiments the plants had only cotyledons (no 'true' leaves had developed). We therefore put forward the working hypothesis that the inhibition of growth by BL is only temporal and occurs while the food reserves in the cotyledons are being utilized for growth and that the plants failed to develop long hypocotyls in longterm growth experiments because the low fluence rates of BL used could not sustain sufficient photosynthesis for growth. Penny et al. (16) demonstrated that, for cucumber, photosynthesis by the cotyledons was an absolute prerequisite for growth and development of true leaves. In the case of Sinapis, evidence for a loss of BL effectiveness for inhibition of hypocotyl growth during deetiolation has been published (3) . While little is known about the temporal activity of the different photoreceptors responsible for inhibition of hypocotyl growth in cucumber, the evidence for the operation of cryptochrome, as well as phytochrome, is overwhelming (2, 4, 6, 9, 14) .
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Plant Physiol. Vol. 87, 1988 Figure 3 demonstrates that after the start of simultaneous irradiation with RL a significant increase in hypocotyl length results in the case of the Ih mutant, but not in the wild type. At the end of the experiment, both the wild-type and lh mutant plants had significantly higher dry weights in simultaneous BL and RL than those maintained in continuous BL alone (Fig. 4) . In addition, the wild type and lh mutant had a marked stimulation of the surface area of the true leaves. However, the expansion of cotyledon and true leaf surface area in the presence of RL in the wild type is very much greater than the Ih mutant. The expansion of the cotyledons was demonstrated previously to be under phytochrome control (1). Since expansion of the cotyledons is a prerequisite for development of photosynthetic capacity, and since photosynthesis is a prerequisite for further development of the seedling (16) it can be concluded that phytochrome action results indirectly, if not directly, in the development of the true leaves. In other words, the enhanced growth of true leaves in the wild type is determined by two components: (a) a strong phytochrome effect and (b) a photosynthetic effect, whereas that of the lh mutant predominantly by the photosynthetic effect. 
